A series of 18 aminochalcone derivatives were obtained in yields of 21.5-88.6% by applying the classical Claisen-Schmidt reaction. Compounds 4-9, 14 and 16-18 with 4-ethyl, 4-carboxy-, 4-benzyloxy-and 4-benzyloxy-3-methoxy groups were novel, not previously described in the scientific literature. To determine the biological properties of the synthesized compounds, anticancer and antimicrobial activity assays were performed. Antiproliferative potential was evaluated on four different human colon cancer cell lines-HT-29, LS180, LoVo and LoVo/DX -using the SRB assay and compared with green monkey kidney fibroblasts COS7. Anticancer activity was described as the IC 50 value. The best results were observed for 2 -aminochalcone (1), 3 -aminochalcone (2) and 4 -aminochalcone (3) (IC 50 = 1.43-1.98 µg·mL −1 ) against the HT-29 cell line and for amino-nitrochalcones 10-12 (IC 50 = 2.77-3.42 µg·mL −1 ) against the LoVo and LoVo/DX cell lines. Moreover, the antimicrobial activity of all derivatives was evaluated on two strains of bacteria: Escherichia coli ATCC10536 and Staphylococcus aureus DSM799, the yeast strain Candida albicans DSM1386 and three strains of fungi: Alternaria alternata CBS1526, Fusarium linii KB-F1 and Aspergillus niger DSM1957. In the case of E. coli ATCC10536 almost all derivatives hindered the bacterial growth (∆OD = 0). Furthermore, the best results were observed in the presence of 4 -aminochalcone (3), that completely limited the growth of all tested strains at the concentration range of 0.25-0.5 mg·mL −1 . The strongest bacteriostatic activity was exhibited by novel 3 -amino-4-benzyloxychalcone (14), that prevented the growth of E. coli ATCC10536 with MIC = 0.0625 mg·mL −1 .
Introduction
Chalcones (1,3-diphenyl-2-propene-1-ones) belong to a large group of bioactive flavonoids. They are known as secondary metabolites of plants, which protect them from damage caused by microorganisms, insects and animals. The chemical structure of these compounds is based on the presence of two aromatic rings-A and B-connected with the three carbon chain containing an α,β-unsaturated bond and a carbonyl group [1] . Chalcones maintain an unflagging interest among scientists due to their broad spectrum of biological activities, including antibacterial [2] , antifungal [3] , anticancer [4] [5] [6] , antioxidant [7] and anti-inflammatory properties [8] . Their biocapability is correlated with the different electron-donor and electron-acceptor groups attached to the aromatic rings [9] .
The literature describes chalcones containing a single amino group as promising agents with antitumor [10] , antimicrobial [11, 12] and antioxidant activity [13] . The DPPH assay performed on 2 -amino-and 4 -aminochalcones proved their ability to scavenge free radicals. The mentioned activity was satisfactory and comparable to that of ascorbic acid, a reference compound known for its high antioxidant properties [14, 15] . Additionally, the presence of less than five hydrogen donors and no more than 10 hydrogen bond acceptors in the chalcones' chemical structure, molecular weight lower than 500 Da and the octanol-water partition coefficient (logP) not greater than 5, is consistent with Lipinski's rule of five and indicates the possible applicability of aminochalcones as drug candidates [16] . Molecular modeling techniques confirm the potential of monosubstituted chalcones and their usefulness as anti-inflammatory agents. Interesting results were obtained for 2 -aminochalcones, which docking score was on a similar level to that of the widely used drug ibuprofen [17] . Moreover, 4 -aminochalcone (3), 4 -amino-4-fluorochalcone and 4 -amino-4-methyl-chalcone exhibited strong inhibitory activity against myeloperoxidase (MPO)-an enzyme, involved in numerous inflammatory diseases. The IC 50 values of these aminochalcones against MPO were comparable to that of 5-fluorotryptamine-a potent inhibitor of this enzyme [18] . Furthermore, the position of the amino group attached to the aromatic ring has a significant influence on the biological properties of the compounds. Trein et al. tested the activity of 2 -aminochalcone (1), 3 -aminochalcone (2) and 4 -aminochalcone (3) against the parasitic protozoan Trichomonas vaginalis, which contributes to serious reproduction disorders, cervical cancer and a predisposition to prostate cancer. The scientists observed the best results for compound 2, compared to a popular antibiotic-metronidazole [19] .
Besides, 2 -aminochalcones substituted at the C-4 , C-5 , C-2, C-3 and C-4 positions have demonstrated cytotoxic activity against epidermoid carcinoma of the nasopharynx (KB), breast cancer (MCF-7), lung carcinoma (A-549) and ovarian cancer (1A9) cell lines [20] . Also, 2 -aminochalcone (1) was described as the most potent inductor of apoptosis in TRAIL-resistant human colon cancer (HT-29) cells [4] . Santos et al. reported that chalcones with hydrophobic substituents on ring B such as 4 -amino-4-fluorochalcone, 4 -amino-4-chlorochalcone and 2 -amino-4-methylchalcone were the strongest inhibitors of canine malignant histiocytic cell line (DH82) proliferation with IC 50 values of 34.4, 31.4 and 38.2 mM, respectively. The authors proved that the mechanism of action is based on apoptosis rather than necrosis compared to doxorubicin [21] . Moreover, 4 -amino-4-fluorochalcone and 4 -amino-2-chlorochalcone were also described as promising agents against human gastric cancer cell line (SGC7901) with MIC values of 7.44 µM and 11.15 µM, respectively. It is noteworthy that their cytotoxic effects were higher than that of the reference-5-fluorouracil (MIC = 29.19 µM) [12] . The anticancer activity of 4 -amino-1-naphthyl-chalcone and 4 -amino-4-methyl-1-naphthylchalcone described by Seba et al. proved the ability of these derivatives to inhibit the migration and invasion of osteosarcoma cells, especially in p53-expressing cells (U2OS) [22] . Moreover, Santos et al. showed that aminochalcones containing a fluorine atom at the C-2 position and a pyridyl group at the C-3 position induced apoptosis due to upregulated p53 protein expression in the breast cancer cell lines MCF-7 (ER) and MDA-MB-231 (TNBC) [23] . The studies of Pati et al. proved that incorporation of an amino moiety into the ring B of the methoxychalcones may increase their cytotoxicity against a murine melanoma cell line (B16) with the effect depending on the location of the substituent [10] .
The search for novel antibacterial and antifungal candidates, especially of natural origin, maintains an unabated interest in the scientific community. Lin et al. described the high potential of 3 -amino-2-iodochalcone to inhibit the growth of Mycobacterium tuberculosis, a Gram-positive pathogenic bacterium which is an tuberculosis agent [24] . Moreover, 4 -aminochalcones, especially those with methoxy substituents attached to the ring B, exhibited antimicrobial activity against Escherichia coli, Staphylococcus aureus, Candida albicans and Trichophyton mentagrophytes [11, 25] . Furthermore, the presence of a -NO 2 group attached to the C-4 position enhances by 2-3 times the antifungal activity against Microsporum canis, Trichophyton rubrum and Epidermophyton floccosum in comparison to unsubstituted chalcone [26] . Additionally, 4 -aminochalcones with fluorine, chlorine or bromine atoms at the C-2, C-3 and C-4 positions in the B ring inhibited the growth of Bacillus pumilis, Bacillus subtilis and Proteus vulgaris. Likewise, strong fungistatic activity of these derivatives was observed against Aspergillus niger, C. albicans and Rhizopus oryzae. Both antibacterial and antifungal properties of aminochalcones were comparable with the appropriate standards-amikacin and fluconazole [27] .
In this paper, we describe the chemical synthesis of a library of 18 aminochalcones, including 10 novel derivatives, which have not been previously described in scientific reports. The next step was the evaluation of the biological properties of all synthesized compounds. Cytotoxicity tests were performed on four types of human colon cancer cell line-HT-29, LS180, LoVo and LoVo/DX and normal green monkey fibroblast line COS7. Antitumor activity was expressed as the IC 50 value and compared with standard compounds-cisplatin and doxorubicin. Additionally, the antimicrobial activity was determined against two strains of bacteria Escherichia coli ATCC10536 and Staphylococcus aureus DSM799, the strain of yeast Candida albicans DSM1386 and three strains of fungi-Alternaria alternata CBS1526, Fusarium linii KB-F1 and Aspergillus niger DSM1957 and expressed as microbial growth curves. For compounds which completely hindered the growth of microorganisms (∆OD = 0), the minimal inhibitory concentrations (MIC) values were evaluated.
Results and Discussion
Aminochalcones were obtained as the result of base-catalyzed condensation reactions of 2 -aminoacetophenone, 3 -aminoacetophenone and 4 -aminoacetophenone with appropriate benzaldehydes containing 4-ethyl, 4-nitro, 4-carboxy, 4-benzyloxy and 4-benzyloxy-3-methoxy groups. Compounds 1-6 and 10-18 were obtained according to modified protocol described by Amir et al. [28] . Reactions were performed on a magnetic stirrer using a mixture of methanol and 1,4-dioxane 1:1 (v:v) as solvent in the presence of sodium hydroxide (Scheme 1). After complete conversion of the substrates, the reaction mixtures were poured into ice water and the precipitated crystals were collected and purified using liquid column chromatography. Furthermore, the presence of a -NO2 group attached to the C-4 position enhances by 2-3 times the antifungal activity against Microsporum canis, Trichophyton rubrum and Epidermophyton floccosum in comparison to unsubstituted chalcone [26] . Additionally, 4′-aminochalcones with fluorine, chlorine or bromine atoms at the C-2, C-3 and C-4 positions in the B ring inhibited the growth of Bacillus pumilis, Bacillus subtilis and Proteus vulgaris. Likewise, strong fungistatic activity of these derivatives was observed against Aspergillus niger, C. albicans and Rhizopus oryzae. Both antibacterial and antifungal properties of aminochalcones were comparable with the appropriate standards-amikacin and fluconazole [27] .
In this paper, we describe the chemical synthesis of a library of 18 aminochalcones, including 10 novel derivatives, which have not been previously described in scientific reports. The next step was the evaluation of the biological properties of all synthesized compounds. Cytotoxicity tests were performed on four types of human colon cancer cell line-HT-29, LS180, LoVo and LoVo/DX and normal green monkey fibroblast line COS7. Antitumor activity was expressed as the IC50 value and compared with standard compounds-cisplatin and doxorubicin. Additionally, the antimicrobial activity was determined against two strains of bacteria Escherichia coli ATCC10536 and Staphylococcus aureus DSM799, the strain of yeast Candida albicans DSM1386 and three strains of fungi-Alternaria alternata CBS1526, Fusarium linii KB-F1 and Aspergillus niger DSM1957 and expressed as microbial growth curves. For compounds which completely hindered the growth of microorganisms (∆OD = 0), the minimal inhibitory concentrations (MIC) values were evaluated.
Aminochalcones were obtained as the result of base-catalyzed condensation reactions of 2′-aminoacetophenone, 3′-aminoacetophenone and 4′-aminoacetophenone with appropriate benzaldehydes containing 4-ethyl, 4-nitro, 4-carboxy, 4-benzyloxy and 4-benzyloxy-3-methoxy groups. Compounds 1-6 and 10-18 were obtained according to modified protocol described by Amir et al. [28] . Reactions were performed on a magnetic stirrer using a mixture of methanol and 1,4-dioxane 1:1 (v:v) as solvent in the presence of sodium hydroxide (Scheme 1). After complete conversion of the substrates, the reaction mixtures were poured into ice water and the precipitated crystals were collected and purified using liquid column chromatography. In the case of amino-carboxy derivatives 7-9, the reactions were performed in mixture of ethanol and water 2.5:1 (v/v) in the ice-bath at the time of addition of 4-formylbenzoic acid. After the completion of the reaction, 1 M hydrochloric acid was added until the product crystals precipitated [29] . The reaction progress and the purity of synthesized compounds were analyzed using thin layer chromatography (TLC) and high performance liquid chromatography (HPLC). As a result of our In the case of amino-carboxy derivatives 7-9, the reactions were performed in mixture of ethanol and water 2.5:1 (v/v) in the ice-bath at the time of addition of 4-formylbenzoic acid. After the completion of the reaction, 1 M hydrochloric acid was added until the product crystals precipitated [29] . The reaction progress and the purity of synthesized compounds were analyzed using thin layer chromatography (TLC) and high performance liquid chromatography (HPLC). As a result of our research, the 18 aminochalcones were obtained with the yields of 21.5-88.6%. Compounds 4-9, 14 and 16-18 have never been synthesized earlier, according to scientific reports.
The structures of all compounds were determined by 1 H and 13 C nuclear magnetic resonance (NMR), high resolution mass spectrometry (HRMS) and Fourier-transform infrared spectroscopy (FTIR). Analysis of the 1 H-NMR spectra confirmed the presence of the α,β-unsaturated bonds in each derivative. Characteristic signals from H-α and H-β appeared as doublets with coupling constants J = 15.5-15.7 Hz. Furthermore, a peak in the 185.39-191.69 ppm range in the 13 C-NMR spectra indicated the presence of the carbonyl group. Moreover, two signals in the 120.83-127.58 ppm and 138.63-144.50 ppm regions were assigned to C-α and C-β, respectively.
Lipiński's rule of five (known also as Pfizer's rule of five) allows one to predict if a compound has chemical and physical properties that would likely make it an orally active drug. In relation to this principle, we calculated the molecular weight (MW), partition coefficient (logP), number of hydrogen bond acceptors (nON) and number of hydrogen bond donors (nOHNH) of all synthesized derivatives ( Table 1 ). According to the rule of five, all aminochalcones 1-18 were characterized by parameters consistent with Lipiński's rule of five, which suggest that they could be taken into consideration as potential medicines. research, the 18 aminochalcones were obtained with the yields of 21.5-88.6%. Compounds 4-9, 14 and 16-18 have never been synthesized earlier, according to scientific reports. The structures of all compounds were determined by 1 H and 13 C nuclear magnetic resonance (NMR), high resolution mass spectrometry (HRMS) and Fourier-transform infrared spectroscopy (FTIR). Analysis of the 1 H-NMR spectra confirmed the presence of the α,β-unsaturated bonds in each derivative. Characteristic signals from H-α and H-β appeared as doublets with coupling constants J = 15.5-15.7 Hz. Furthermore, a peak in the 185.39-191.69 ppm range in the 13 C-NMR spectra indicated the presence of the carbonyl group. Moreover, two signals in the 120.83-127.58 ppm and 138.63-144.50 ppm regions were assigned to C-α and C-β, respectively.
Lipiński's rule of five (known also as Pfizer's rule of five) allows one to predict if a compound has chemical and physical properties that would likely make it an orally active drug. In relation to this principle, we calculated the molecular weight (MW), partition coefficient (logP), number of hydrogen bond acceptors (nON) and number of hydrogen bond donors (nOHNH) of all synthesized derivatives ( Table 1 ). According to the rule of five, all aminochalcones 1-18 were characterized by parameters consistent with Lipiński's rule of five, which suggest that they could be taken into consideration as potential medicines. 
No. Substituent on ring A Substituent on ring B MW logP nON nOHNH
The next step of our research was the evaluation of the biological properties of all synthesized aminochalcones. It is worth mentioning that there is no correlation between anticancer and antimicrobial activities. However, as a result of our work, we present the biological potential of the synthesized aminochalcones 1-18 concerning their antiproliferative and also antimicrobial activity.
Anticancer activity was evaluated on four different human colon cancer cell lines: HT-29, LS180, LoVo and LoVo/DX. Due to problems with the mortality of cells isolated from healthy tissues, which were characterized by a low proliferative potential and poor survivability, green monkey The next step of our research was the evaluation of the biological properties of all synthesized aminochalcones. It is worth mentioning that there is no correlation between anticancer and antimicrobial activities. However, as a result of our work, we present the biological potential of the synthesized aminochalcones 1-18 concerning their antiproliferative and also antimicrobial activity.
Anticancer activity was evaluated on four different human colon cancer cell lines: HT-29, LS180, LoVo and LoVo/DX. Due to problems with the mortality of cells isolated from healthy tissues, which were characterized by a low proliferative potential and poor survivability, green monkey fibroblasts COS7 were selected as a normal cell line to determine the toxicity of aminochalcones. The cytotoxic effect of the compounds was investigated using the SRB assay and indicated as IC 50 values in comparison with two reference drugs-cisplatin (19) and doxorubicin (20) [30] . Santos et al.'s research on the molecular mechanism of death of a canine malignant histiocytic cell line (DH82) proved that the action of 4 -amino-4-fluorochalcone, 4 -amino-4-chlorochalcone and 2 -amino-4-methylchalcone is based on apoptosis [21] . Furthermore, Mai et al. described 2 -aminochalcone (1) as the most potent and selective agent against TRAIL-resistant breast (MCF-7), ovarian (Caov-3), lung (A549), liver (HepG2), colorectal (HT-29), nasopharyngeal (CNE-1), erythromyeloblastoid (K-562) and T-lymphoblastoid (CEM-SS) cancer cells. The IC 50 for compound 1 when tested on the HT-29 cell line was calculated as 4.39 µM (0.98 µg·mL −1 ). The authors also determined the molecular mechanism of action of 2 -aminochalcone (1) against the HT-29 cell line, which, like in the case of the DH82 cell line, is based on apoptosis [4] . In our investigation, 2 -aminochalcone (1) was the strongest inhibitor of HT-29 cell line proliferation (IC 50 = 1.43 µg·mL −1 ) ( Table 2) , exhibiting almost 12 times higher activity than the reference compound cisplatin (19, IC 50 = 16.73 µg·mL −1 ) and four times lower in comparison to doxorubicin (20, IC 50 = 0.33 µg·mL −1 ). Furthermore, it was cytotoxic against the COS7 cell line with an IC 50 value of 2.64 µg·mL −1 , which indicated its poor selectivity against cancer cells, similar to that of cisplatin. ND-not detected in the tested concentration range.
Another scientific reports described compound 3 as the most active against the human breast cancer cell line T47D with an IC 50 value of 5.28 µg·mL −1 [31] . Furthermore, Wu et al.'s studies proved that 4 -amino-2-chlorochalcone demonstrated the strongest anticancer activity on the HT-29 cell line with an IC 50 value of 26.25 µM [12] . In our research, 4 -aminochalcone (3) exhibited the highest anticancer activity on the HT-29 cell line (IC 50 = 1.98 µg·mL −1 ) among the 4 -aminochalcones 3, 6, 9, 12, 15, 18. Similar activity was observed for 3 -aminochalcone (2) against all tested human colon cancer cell lines (IC 50 values in range of 1.60-2.13 µg·mL −1 ). Moreover, compounds with ethyl, nitro and benzyloxy groups attached at the C-4 position and 4-benzyloxy-3-methoxy moieties on ring B also represented a group of inhibitors stronger than cisplatin against the HT-29 cell line. In the case of amino-carboxy derivatives 7-9, the location of the amino group had a significant impact on the IC 50 value. The activity decreased in the following order: 2 -amino-4-carboxychalcone (7) > 3 -amino-4-carboxychalcone (8) > 4 -amino-4-carboxychalcone (9). A similar trend was observed on other tested cell lines.
In the case of 2 -amino-4-nitrochalcone (10), the scientific literature reports it as a weaker antitumor agent in comparison to 2 -aminochalcone (1) against HT-29 [4] . In our research a similar effect was observed. Incorporation of the electron-withdrawing -NO 2 group at the C-4 position resulted in about two times less cytotoxic effect on the HT-29 cell line. However, in the case of the LS180, LoVo and LoVo/DX cell lines, the activities of all investigated amino-nitrochalcones were similar to that of compounds 1-3 and comparable to cisplatin (19) . Unfortunately, they were also toxic against monkey fibroblasts COS7 with IC 50 values in range of 1.79-3.10 µg·mL −1 . Only for 2 -amino-4-benzyloxychalcone (13) was it not possible to determine the antitumor properties in the tested concentration range for all tested cell lines.
Antimicrobial activity assays were performed in two stages. First, screening procedure was carried out on two strains of bacteria-E. coli ATCC10536 and S. aureus DSM799, strain of yeast C. albicans DSM1386 and three strains of fungi-A. alternata CBS1526, F. linii KB-F1 and A. niger DSM1957. Chosen method allowed to present the microbial growth curves and calculate the duration of the lag-phase and increase of optical density (∆OD) in the presence of 18 aminochalcones at the concentration of 0.1% (w/v) ( Table 3 ). In all cases of ∆OD = 0, minimal inhibitory concentration (MIC) values were evaluated (Table 4 ) and compared with reference substances: oxytetracycline (against bacteria), cycloheximide (against yeast) and nystatin (against fungi). OD-Optical Density (measured for λ = 560 nm); "-"-not determined in view of ∆OD = 0; NA-not applicable. 
"-"-not determined; NA-not applicable. Prasad et al. described the antimicrobial potential of 4 -aminochalcones with halogen atoms and methoxy groups attached at various positions of ring B. These compounds effectively inhibited the growth of B. subtilis, B. pumilus, S. aureus, E. coli and P. vulgaris [27] . In our investigations, almost all aminochalcones (compounds 2-5, 7-18) prevented the growth of E. coli ATCC10536 at the tested concentration. Suwito et al. described 4 -aminochalcone (3) as the strongest inhibitor of E. coli ATCC25923 growth, comparable with two reference standards-sulfamerazine and sulfadiazine. Furthermore, this derivative was also active against S. aureus ATCC25922 and C. albicans ATCC1023 and described by the authors as the best wide spectrum antimicrobial agent candidate [31] . In our research, compound 3 was two times stronger against Gram-positive bacteria S. aureus DSM799 than Gram-negative E. coli ATCC10536, confirming the known phenomenon of higher susceptibility of Gram-negative strains to flavonoids [32] . Moreover, the activity of 4 -aminochalcone (3) against all tested microorganisms was expressed with MIC values of 0.25-0.5 mg·mL −1 (Table 4 ).
In the case of S. aureus DSM799 complete growth inhibition was observed in the presence of 2 -, 3 -, 4 -aminochalcones 1-3, and aminochalcones with carboxy (7-8), nitro (11) (12) , benzyloxy (13) and 4-benzyloxy-3-methoxy (16) moieties (∆OD = 0). Among them, the new compounds 2 -amino-4-carboxychalcone (7) and 3 -amino-4-carboxychalcone (8) exhibited just as strong activity as the reference substance oxytetracycline, with a MIC value of 0.125 mg·mL −1 . Moreover, six aminochalcones (2, 3, 7, 10, 11 and 13) prevented the growth of C. albicans DSM1386. Additionally, compound 7 showed four times higher activity in comparison to cycloheximide and was the best inhibitor of growth of this strain with a MIC value of 0.125 mg·mL −1 . Only 3 -amino-4benzyloxychalcone (14) did not affect to the growth of C. albicans DSM1386, but in contrast limited the growth of S. aureus DSM799, A. alternata CBS1526, F. linii KB-F1 and A. niger DSM1957 by half. Moreover, compound 14 prevented the growth of E. coli ATCC10536 with an MIC value of 0.0625 mg·mL −1 , which was the lowest concentration among all obtained results. This proved that 3 -amino-4-benzyloxychalcone (14) could be a selective antibacterial agent against this bacterial strain, eight times more effective than the reference substance-oxytetracycline.
In the case of A. alternata CBS1526, the strongest inhibition was observed for 2 -, 3 -, 4 -aminochalcones 1-3, 4 -amino-4-ethylchalcone (6), 2 -amino-4-carboxychalcone (7) and 3 -amino-4-benzyloxy-3-methoxychalcone (17) . The lowest MIC values were determined for compounds 2, 3 and 7 (MIC = 0.5 mg·mL −1 ), which were two times lower than for nystatin.
Zhang et al. investigated the antifungal activities of chalcones with 2 -substituents, including 2 -aminochalcones, against the dermatophyte Trichophyton rubrum. Among them, 2 -amino-3-nitro-chalcone and 2 -amino-4-nitrochalcone (10) showed the highest activity with MIC 80 values of 0.5 µg·mL −1 , which were only two times weaker than the standard-fluconazole (MIC 80 = 0.25 µg·mL −1 ) [33] . In our studies, 4 -aminochalcone (3), amino-nitrochalcones 10-12 and 2 -amino-4-benzyloxy-3-methoxychalcone (16) prevented the growth of F. linii KB-F1 (∆OD = 0). Moreover, among all tested aminochalcones 10-12 with -NO 2 moieties attached at the C-4 position of ring B, the best results were obtained in the presence of 2 -amino-4-nitrochalcone (10) and 3 -amino-4nitrochalcone (11) , with MIC values of 0.5 mg·mL −1 for both derivatives. However, the minimal inhibitory concentration of 4 -amino-4-nitrochalcone (12) was two times higher in comparison to compounds 10 and 11. These results proved that the position of the -NH 2 group attached at ring A has a significant impact on the biological activity of aminochalcones. Also amino-carboxychalcones 7-9 hindered the growth of F. linii KB-F1 by 2-4 fold in comparison to the untreated control. Interestingly, the double extended lag-phase was observed only for 2 -amino-4-carboxychalcone (7) .
In the case of A. niger DSM1957, five compounds (1, 3, 7, 12 and 17) caused a complete growth inhibition. Their activity was stronger than that of the reference substance (∆OD = 0.74). Among them, 2 -aminochalcone (1) and 2 -amino-4-carboxychalcone (7) had the higher activity, with MIC values of 0.125 mg·mL −1 , which indicated they were two times more effective than nystatin. Incubations with other aminochalcones resulted in elongation of the lag-phase by up to 40 h. Simultaneously, in comparison to the control culture, even a 4-fold decrease of optical density value was observed.
Materials and Methods

Chemicals
Reagents for synthesis: 2 -aminoacetophenone, 3 -aminoacetophenone, 4 -aminoacetophenone, benzaldehyde, 4-ethylbenzaldehyde, 4-formylbenzoic acid, 4-nitrobenzaldehyde, 4-(benzyloxy)benzaldehyde, 4-(benzyloxy)-3-methoxy-benzaldehyde and sodium hydroxide were purchased from Sigma Aldrich (St. Louis, MO, USA).
Analysis
The progress of reactions was followed by thin layer chromatography (TLC) on silica gel-coated aluminum sheets with a fluorescent indicator (DC-Alufolien, Kieselgel 60 F 254 ; Merck, Darmstadt, Germany). The TLC plates were sprayed with a solution of 1% Ce(SO 4 ) 2 and 2% H 3 [P(Mo 3 O 10 ) 4 ] in 5% H 2 SO 4 and heated to visualize synthesized compounds. The crude products were purified by liquid column chromatography filled with silica gel (Kieselgel 60, 230-400 mesh, Merck). The purity of the compounds was analysed by high performance liquid chromatography (HPLC) on a Waters 2690 system (Milford, MA, USA) equipped a with Waters 996 Photodiode Array Detector. The analysed samples were dissolved in methanol and were separated on a reverse-phase C-18 column (Phenomenex, Torrance, CA, USA, Kinetex 5u XB-C18 100A, 250 mm × 4.6 mm), thermostated at 28 • C. The analysed samples were kept at 12 • C. The mobile phase consisted of two eluents: A-1% HCOOH in H 2 O and B-1% HCOOH in MeCN. Elution gradient was started from 55% of eluent A to 45% of eluent B over 15 min and a flow rate was amounted 1.5 mL·min −1 .
The structures of the obtained products were determined by 1 H and 13 C nuclear magnetic resonance (NMR). Compounds for NMR analysis were dissolved in deuterated solvents: acetone-d 6 or dimethyl sulfoxide-d 6 . The spectra were recorded on a an Avance TM 600 MHz spectrometer (Bruker, Billerica, MA, USA) (Supplementary Materials). The high-resolution ESI-MS spectra were measured on a Bruker ESI-Q-TOF Maxis Impact Mass Spectrometer. The direct infusion ESI-MS parameters were: the mass spectrometer was operated in positive ion mode with the potential between the spray needle and the orifice of 3.5 kV, a nebulizer pressure of 0.4 bar, and a drying gas flow rate of 3.0 L·min −1 at 200 • C. The sample flow rate was 3.0 µL·min −1 . Ionization mass spectra were collected in a range of m/z 50-1250. Melting points (uncorrected) were determined on a Boetius apparatus (Jena, Germany). Infrared spectra were determined using a Tensor 27 FTIR spectrometer (Bruker) with ATR accessory with diamond crystal in the wavelength range 400-4000 cm −1 (Supplementary Materials). Partition coefficient (logP) was calculated by using the JSME Molecular Editor, © Molinspiration Cheminformatics software (Novartis Institutes for BioMedical Research Inc. and Bruno Bienfait). 1-8 3.3.1. Method I (Compounds 1-6, 10-18) In a round bottomed flask 0.24 g (6.00 mmol) of sodium hydroxide was dissolved in 10 mL methanol and 10 mL dioxane. After that, an appropriate aminoacetophenone (3.67 mmol) and the corresponding benzaldehyde (3.67 mmol) were added. Reactions were performed in room temperature on a magnetic stirrer until complete conversion of the substrates. After that, the reaction mixtures were poured into ice water. Precipitated crystals were collected and purified by liquid column chromatography on silica gel using mixtures of hexane-acetone, hexane-ethyl acetate or hexane-ethyl acetate-methylene chloride as eluents. Compounds 4 and 6 were synthesized at 2.5 times smaller scale.
Synthesis of Aminochalcones
Method II (Compounds 7-9)
To 0.24 g (6.00 mmol) of sodium hydroxide dissolved in water (25 mL) and ethanol (10 mL), 4-formylbenzoic acid (3.67 mmol) was added. The resulting mixture was stirred in the ice-bath for 15 min and after that the corresponding aminoacetophenone (3.67 mmol) was added. The reaction was continued on a magnetic stirrer in room temperature until complete conversion of the substrates. After that, 1 M hydrochloric acid was added dropwise to the reaction mixtures until pH 6-7 was reached. Precipitated crystals were filtered on a Büchner funnel, washed with distilled water and dried under vacuum. Crude products 8 and 9 were purified by liquid column chromatography using a mixture of chloroform-methanol as eluent.
Spectroscopic data of all synthesized aminochalcones is described below: 
Antimicrobial Activity
Microbial Growth Curve Calculation
The antimicrobial screening tests were performed on two strains of bacteria: E. coli ATCC10536 and S. aureus DSM799, strain of yeast C. albicans DSM1386 and three strains of fungi: F. linii KB-F1, A. alternata CBS1526 and A. niger DSM1957. All microorganisms were obtained from the collection of the Faculty of Biotechnology and Food Microbiology, Wrocław University of Environmental and Life Sciences. The bacteria were cultured in nutrient broth (Biocorp, Warsaw, Poland), yeast and fungi in YM medium (3 g yeast extract, 3 g malt extract, 5 g bacteriological peptone and 10 g of glucose dissolved in 1 L of distilled water). The tests were carried out in 100-well microtiter plates. To each well 280 µL of culture medium, 10 µL of microorganism suspension and 10 µL of aminochalcone (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) dissolved in dimethyl sulfoxide (3% (w/v)) were added. The final concentration of the tested compound (1-18) was 0.1% (w/v). Each experiment were performed in 3 replications. The optical density of the cell suspension was measured on Bioscreen C (Automated Growth Curve Analysis System Lab System, Vantaa, Finland) at 560 nm automatically, at regular intervals of 30 min for 2-3 days. Cell cultures were maintained at 28 • C on a continuous shaker. To prepare the growth curves for each strain, the mean values of the absorbance in a function of time were used. The resulting antimicrobial activity was expressed as the increase of optical density (∆OD) and was compared to that of the control cultures in the medium supplemented with dimethyl sulfoxide and also with reference substances: oxytetracycline (against bacteria), cycloheximide (against yeast) and nystatin (against fungi) (Sigma Aldrich).
Minimal Inhibitory Concentration (MIC) Evaluation
In all cases of complete growth inhibition in the screening tests (∆OD = 0), the minimal inhibitory concentration (MIC) values were evaluated using the broth method. Sterile 96-well microtiter plates (Sarstedt) with nutrient broth (for bacteria) (Biocorp) or YM medium (for yeast and filamentous fungi) were inoculated with a standardized cell suspension of bacteria and yeast or fungal spores of 10 5 cell·mL −1 , and supplemented with aminochalcones dissolved in DMSO. Final concentration of tested compounds in the incubation mixtures ranged from 0.1% to 0.00625% and was achieved with the series of two-fold dilutions. All analysis were conducted in triplicates. The plates were incubated at 30 • C (bacteria and yeast) or 25 • C (filamentous fungi) for 48-72 h. The results were measured with the Spark ® Multimode Microplate Reader (Tecan, Männedorf, Switzerland) at a 560 nm wavelength. The minimal inhibitory concentration was defined as the lowest concentration of a tested compound that completely restricted the growth of the microorganism. In order to verify the obtained results, microbial cultures subjected to each concentration of aminochalcone were inoculated onto nutrient agar or YM plates and incubated as described above. The lack of growth on agar plate was a confirmation of the MIC of the tested compound. The resulting MIC values were compared with the reference substances: oxytetracycline (against bacteria), cycloheximide (against yeast) and nystatin (against fungi) (Sigma Aldrich).
Conclusions
In this paper we describe the synthesis of a library of 18 aminochalcones with different electron-withdrawing and electron-donating substituents at the C-4 position. Among them, 10 compounds were novel, never previously described in the scientific literature.
We evaluated the anticancer and antimicrobial activity of all synthesized derivatives. The best results were observed for compounds 1-3 against the HT-29 human colon cancer cell line with activity expressed as the IC 50 value below 2 µg·mL −1 . This inhibition of proliferation was almost 12 times stronger in comparison to the reference substance-cisplatin (19) (IC 50 = 16.73 µg·mL −1 ). Similar effects were observed for aminochalcones with nitro groups attached to the C-4 position (compounds 10-12) against the LoVo and LoVo/DX cell lines (IC 50 < 2 µg·mL −1 ). This proves that the presence of a strong electron withdrawing group -NO 2 group in the para position as well as the aminochalcones without moieties attached to ring B significantly enhances the biological properties. However, these derivatives are characterized by a high toxicity against green monkey fibroblasts COS7. Based on the available knowledge concerning the mechanism of action of 2 -aminochalcone (1), we could assume that aminochalcones induce apoptosis rather than necrosis in colon cancer cell lines. However, to confirm this hypothesis with certainty, further research into the molecular mechanism of action is required and it will be taken into account in further studies. In the case of antimicrobial activity, complete inhibition of the growth of all tested microorganisms under 0.1% (w/v) concentration was observed for 4 -aminochalcone (3) . Furthermore, sixteen of the synthesized derivatives (compounds 2-5, 7-18) prevented the growth of E. coli ATCC10536 and the best results were observed for novel 3 -amino-4-benzyloxychalcone (14) with an MIC value of 0.0625 mg·mL −1 . The presence of an amino group in the meta position and the additional aromatic ring in compound 14, which increases the hydrophobicity of the molecule, may facilitate the penetration into the microorganisms' cells. It is worth mentioning that the obtained aminochalcones fulfill all Lipinski's rules, which allows us to qualify them as potential drug candidates. Moreover, strong inhibition of proliferation against different human colon cancer cell lines and prevention of the microbial growth proved their potential applicability as anticancer and also antimicrobial agents.
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